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SYNOPSIS Cavitation-erosion experimental data previously reported by the present authors covering 
several materials tested in a rotating disk device and a magnetostriction apparatus have been ana- 
lyzed usirg normal izaiion and curve-fitting techniques. Fro this process a universal approach is 
derived which car. include data from cavitation and liquid impingement studies for specific materials 
from different test devices. 


I INTRODUCTION 

One of the primary objectives o* erosion research 
has been to model laboratory erosion data to 
field conditions with more confidence and relia- 
bility. Honegger (1), as early as 1927, consid- 
ered "specific erosion" in an attempt to compare 
materials and tiwe effects. However, systematic 
investigations pertaining to time effects on 
erosicn rates were conducted in the »id-1960*s 
(2 to 5). In view of the strong dependence of 
the erosion rate on exposure time in both cavita- 
tion and liquid impingement environments, several 
formulations, models, nomograms, and charts were 
presented by dirferent investigators (4 to 14). 
The main purpose of these formulations was to 
ta) Identify the damage as well as erosion 
mechanisms involved dui ing the erosion 
process with time; 

{ b ; Characterize and quantify, as precisely 
as possible, the erosion rate as the 
exposure time increases for long terras; 
(c) Test less resistant materials in the 
laboratory for relatively short times 
and extrapolate these data to resistant 
materials in the field. 

In view of the difficulties encountered in 
the past to characterize and model materials with 
different devices and laboratory conditions, many 
investigators agree that comparisons of test re- 
sults should be done only if based on the corre- 
sponding stages of the erosion-rate-ver$u$-time 
curves. Specif ically, these stages have been 
named the incubation period, the acceleration 
period (accunulation zone), the peak damage rate, 
the deceleration period (attenuation zone)* the 
steady-state region, and the l^ng-term erosion 
period, which is characterized as either cyclic, 
decreasing, or increasing, depending on the test 
method and the erosion resistance of the material 
(15). Typical erosion-rate-versus-time curves 
are reproduced in Fig, 1 depicting all periods 
(2 to 5). 

A historical background of work on long-term 
cavitation erosion prediction and methods for 
modeling the erosion-rate-versvs-tlme curves are 
presented in a recent study by the authors (16). 
Several prediction equations for liquid impinge- 
ment erosion are presented in (15). The impor- 


tant models, formulations, nomograms, and the 
variables necessary to evaluate the erosion- 
versus-time curve or erosion in a certain amount 
of exposure time are presented in Table 1. No 
single model or prediction attempt has yet been 
fully precise in its ability to predict erosion 
rates either during the initial phases of damage 
or during the advanced stages of erosion. Hence, 
long-term predictions using earlier formulations 
differed from actual data by factors of two or 
more . Most prolonged operations of machines re- 
quire a higher confidence level to operate ma- 
chinery at optimum efficiency. Thus if a method 
is devised to accurately predict the long-term 
erosion of a baseline material, and it is found 
that the predicted erosion would be detrimental , 
either the material may be changed at the design 
stage or more accurate overhaul periods may be 
established. 

A method for erosion-rate-data curve fitting 
is presented as normalized Cumulative average 
erosion rate as a function of normalized time. 
This method greatly reduces individual variations 
of the instantaneous-erosion-rate-versus-time 
curves. In this manner, a universal approach to 
the analysis of data from previous experimental 
results is presented for prediction purposes. 

The long-term exposure behavior is discussed and 
correction factors pertaining to the incubation 
period are described. This paper is a condensed 
version of (16). 
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erosion rate 
maximum erosion rate 
pressure 

exposure ti3« to cavitation or im- 
pingement erosion 
incubation periods of curves ir, 
A,8,C,.,.N in Fig. 9 
incubation period of a typical 
erosion-rate-versus-time curve 
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tin time to attain maximum or peak rate 

of erosion on rate-versus-time 
curves 

V velocity 

v cumulative volume loss due to cavi- 

tation erosion corresponding to 
t hours exposure 

ym maximum o*ulative volume loss due 

to cavitation erosion correspond- 
ing to the slope of the erosion- 
versus-tioe curve joining the 
origin and the point of tangency 

at incremental time causing an incre- 

mental volume loss &v 

av incremental volume loss of material 

in incremental time at 


Subscripts: 

a cumulative average 

i instantaneous 


3 OATA ANALYSIS AND PROCEDURE 

3.1 Erosion Data Sources 

In the development of this curve-fitting approach 
for lang-term cavitation ercsion-rate prediction, 
original data sets obtained independently by each 
of the present authors were used. One used a ro- 
tating disk device (17) and the other z magneto- 
striction apparatus (18 to 20). The details of 
the rotating disk device and magnetostriction ap- 
paratus have been described in detail in (19, 21, 
and 22). 

The experimental conditions for the rotating 
disk device were velocity, 35 to 37.3 m/s; 
pressure, 0.11 to 0.17 MPa (abs); diameter of the 
cavitation inducer, 25.4 mm; and test liquid, 
water. The materials tested were aluminum, cop- 
per, brass I, brass II, stainless steel, and mild 
steel. The compositions of materials and their 
properties were reported in (16, 21, and 22). 

The experimental conditions pertaining to the 
magnetostriction apparatus were frequency, 25 
kHzj amplitude. 44 i»m; test liquids, sodium {from 
204 to 649* C), and water. The materials tested 
were nickel, alimrin*, zinc, iron, L-605 cobalt- 
base alloy. Stellite, and stainless steel; the 
compositions of materials and their mechanical 
properties were previously reported (18 to 20). 

3.2 Erosion Data Treatment Method 

figure 2 presents cumulative-erosion-versus- 
exposure-time curves for stainless steel tested 
in a rotating disk device at four different velo- 
cities (17). Figure 3(a) presents instantaneous- 
eros ion-rate versus- time curves for the same 
material (see upper curve in fig. 2). As erosion 
resistance increases the incubation period be- 
comes mure pronounced. Because there are several 
peaks a:id valleys in the erosion-rate-versus-time 
curves, the prediction of erosion rate with expo- 
sure time becomes increasingly difficult. 

As a first step to improve the situation, the 
cumulative average erosion rate is calculated and 


plotted versus time (Fig. 3(b)) for the same data 
presented in Fig. 2. The oscillations observed 
in Fig. 3(a) are considerably smoother in Fig. 
3(b) because of this treatment. It is now evi- 
dent that a material responds to erosion in a 
similar manner at different velocities and each 
erosion-rate-versus-time curve has a maximum ero- 
sion rate if the test has been run for a suffi- 
cient length of time. 

Using these similarity principles, each data 
point of Figs. 3(a) and (b) ws normalized with 
respect tc peak erosion rate a^d the time corre- 
sponding to this peak. Figures 4(a) and (b) 
present normal i zed-i nstantaneous-eros ion-rate- 
versus-normalized-time and normalized-cumulative- 
average-erosion-rate-versus-normalized-time, re- 
spectively. However, the scatter in Fig. 4(a) is 
too great to provide an accurate curve or predic- 
tive equation for the field engineer. Theoreti- 
cal and empirical models proposed by earlier in- 
vestigators (Table 1) do not fit these plots un- 
less many assmptions are made; furthermore, the 
scatter bands are large (16). On the other hand. 
Fig. 4(b) provides a smooth curve without oscill- 
ations, indicating that a properly normalized 
erosion rate follows a certain natural trend even 
under different experimental conditions. 


4 RESULTS AMD 0ISCUSS10N 

Figure 5 presents typical normalized cumulative 
erosion rate versus normalized time fo*" different 
materials tested in a rotating disk device and a 
magnetostriction apparatus using both vibrating 
and stationary specimens. A comparison of 
norcalized-instantaneous-erosion-rate-versus- 
normali zed- time curves for the same materials 
(16) indicated that there is too much scatter and 
most of the individual materials cannot be repre- 
sented by any single formulation. Figure 5, on 
the other hand, shows a considerable reduction ir 
scatter. This consistent configuration was ob- 
served not only for materials tested in a rota- 
ting disk device with water, but also for a 
variety of materials tested with a magnetostric- 
tion device using both water and liquid sodium. 

The ratio of instantaneous/cumulative peak 
heights MERj/MER a varied from 1.0 to 3.87 for 
materials tested in the rotating disk device and 
from 1.0 to 1.71 for materials tested with the 
magnetostriction apparatus using water and liquid 
sodium (16). As would be expected, the times to 
attain maximum cumulative erosion rate (tm.) were 
always longer than the times to attain maximum 
instantaneous erosion rate (tmj). Furthermore, 
for the materials tested, the ratio t*j/t« d 
varied from 0.42 to 0.960 in the rotating disk 
device and from 0.3 to 0.88 in the magnetostric- 
tion apparatus (16). As the erosion resistance 
of the materia) increased, the ratio M£Rj/MfR a 
decreased. Ho clear-cut trend for the ratio 
tm-j/tm a was observed. 

The advantages of normalized-cumulative- 
eros i on-rate- versus-normali zed-time plots are 
(a) scatter of the instantaneous-erosion-rate- 
versus-time curves is greatly reduced, resulting 
in a consistent, relatively smooth set of curves; 
and (b) the MER a and tm a can be evaluated 
from the erosion- versus- time curve. 

4.1 Comparisons with Earlier Investigations 

Oata reported by Kerr (23), Thomas and Brunton 
(24), and Elliott, et al. (25) were analyzed in 
the same manner as the present investigations 
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(Id); typical plots are presented in Fig. 6. The 
improvement of using cumulative erosion rate was 
clear for data reported in (23. 24). This data 
treatment further supports the view that the 
normalized cunu 1 at 1 ve-eros ion-rate- ver$us-t ime 
curves have significant advantages for erosion 
prediction with reduced data scatter* It was 
noted from Figs, 5 and 6. the quantitative data 
in (16). and the typical data in Table 2 that 
brass and stainless steel tested at different ex- 
perimental conditions agreed very well on the 
normalized average basis. Results in Table 2 in- 
dicate that HER|/MfR a varied from 1.4 to 3.2 and 
tmj/tm a from O.oB to 0.82. One may therefore in- 
fer that quantitative correlations exist between 
cavitation and liquid impingement irrespective 
of the -r device used to produce erosion. 

4.2 Effect of Time Increments on Prediction 

Models 

"How many experimental points are necessary?" and 
"What time intervals should be used to obtain the 
most precise predictions possible?" are fre- 
quently asked questions. To investigate the ef- 
fect of the interval length on the accuracy of 
the final plots. Fig. 7 was plotted using 1-hr 
intervals for cavitation data of the cobalt-base 
alloy L-605 in liquid sodium at 427* C. The same 
data with time intervals of 5. 10. and IS min are 
presented in Fig. 5(b). With fewer points the 
determination of maximum erosion rate and tm Is 
affected as shown in Table 3. 

Major differences can be noted by comparing 
the two sets of data. The parameters calculated 
at 60-mi n intervals are far less accurate than 
those calculated at 5-, 10-. and 15-min inter- 
vals. Errors of 50 to 300 percent were observed 
in determining the parameters MER a and tm*. As 
the erosion resistance decreased, the error in- 
creased with long interval experiments (Table 3). 
Figures 5(b) and 7 indicate, however, that these 
close- interval data need be collected only until 
an accurate peak is attained. Since MER a and 
tm. are the crucial parameters which are used to 
calculate the requisite quantities, errors in- 
volved in their determination will lead to great- 
er inaccuracies when they are used for long-term 
predictions. This study points out the impor- 
tance of using close intervals in the early sta- 
ges of erosion (up to the peak rate of erosion) 
to arrive at precise parameters for prediction 
purposes . 

4.3 Effect of long Exposure" on Erosion Rates 

The long-term erosion rate has been controversial 
ever since investigators have been aware of the 
influence of test time on erosion rate. Some in- 
vestigators have reported continuous decrease in 
erosion rate after the initial peak rate, some 
have reported constant final rates (steady 
state), while others report cyclic rates at even 
longer exposures. All of these patterns have 
been well documented in (2 to 7) and in various 
papers presented at the ASTH symposia (26 to 29). 
C<*ul at 1 ve-eros 1on~rate-ver$us-t1me curves are 
presented in Fig. B In the normalized form, which 
generally shows a decreasing trend irrespective 
of erosion resistance and material (17 to 19). 

The long-term exposure plots presented in 
Fig. 8 are unique, as the ratio t/tm a ap- 
proached nearly 400 (the highest ratio believed 
to be observed to date). Some of the deviations 
from a smooth curve In these plots are believed 
to result from the small number of data points 


taken during the incubation and acceleration 
periods. As explained in the previous section, 
difficulties in obtaining the true values of 
MER a and and the sensitivity of these 
parameters to good long-term predictions are par- 
tially responsible for the difficulty in obtain- 
ing a single plot. 

4.4 Incubation Period Correction 

A typical set of most commonly observed ctxmila- 
1 1 ve-eros Ion-rate- vers us- ti:’* curves is schemati- 
cally represented in Fig. 9(a). The incubation 
periods are Indicated in the figure as t a . t^. 
and t c . By subtracting these times from the 
time or each experimental point on each of the 
respective curves, a condensed set of plots is 
generated (Fig. 9(b)). The new normalized time 
for peak erosion rate is now calculated as 
(t - t 1 >/(t m - t f ). 

All plots of normalized cixmilative erosion 
rate and normalized time use the relationships 
(V/t)/(Vm/tm) and t/tm, respectively. A correc- 
tion factor for incubation period as used in Fig. 
9(b) is necessary for all the previous figures; 
this correction factor would shift the curves 
toward the y-axis by the amount of time equiva- 
lent to the incubation period. In making the 
transition from the model to prototype the incu- 
bation period for the prototype relative to the 
model should be known in order to make this cor- 
rection for more accurate long-term predictions. 

Recently Heymann (30). while analyzing the 
ASTH 6-2 sponsored 'round robin 1 test program, 
found that comparisons and correlatiors with the 
(maxim*) cimlative erosion rate gave more 
scatter and inconsistency than those using maxi- 
mum instantaneous erosion rate. This is primar- 
ily because the incubation period is dependent 
on the average erosion rate, and because there 
is more scatter in incubation periods than in 
maximum erosion rates (30). A possible disad- 
vantage of the incubation period correction sug- 
gested is that It may sometimes remove one of the 
fundamental definition of the a veraqe-eros ion- 
rate approach. Some investigators fe.g., 31 and 
32) used incubation period to predict erosion 
rates. These correlations are better than mate- 
rial property correlations with erosion rates 
(32). (Neither of these investigators (31. 3?) 
considered long-term erosion-rate predictions.) 

4.5 Erosion Resistance Variation 

Laboratory and field devices produce uneven ero- 
sion over the test specimen; hence, calculations 
for erosion resistance are very general and vary 
considerably even within the same device or test. 

The normalized cumulative erosion-rate- 
versus-time curves in the present investigations, 
though generally smooth, indicate some deviations 
with erosion intensity. As the erosion resis- 
tance decreased, the portions of the curves fol- 
lowing the peaks attained a lower value at long 
test times. For a single test device these por- 
tions of the curves were lower at long times for 
more resistant materials. But the height of each 
curve at longer test times appears to be a func- 
tion of both the device and the material. This 
correlation between the level of the long-term- 
eros Ion-rate- vers us- time curve and erosion resis- 
tance may be helpful In applying this universal 
plot approach to data from both laboratory and 
field devices. An eiqpirlcal factor called 'the 
apparatus severity factor* is described in (15) 
for liquid Impingement data. This may serve as 
an alternate approach to this discussion. 
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4.6 Universal Approach Plots 

Summary plots of normalized erosion rate versus 
normalized time are presented in Fig. 10 for the 
previous experimental data from brass, stainless 
steel, mild steel, and cobalt alloy 1*60$, Every 
material tested in any type of cavitation or liq- 
uid impingement device can be represented in this 
manner. Depending upon the test device and mate* 
rial tested, a mean curve may be chosen and scat- 
ter bands can be defined or derived. The accu- 
racy of the derivation of the two parameters tm a 
and HER d (including the incubation period) con- 
tributes to the accuracy of the prediction. The 
deviation is greater in the normalized time re- 
gion from 0 to 1 than it is in any other portion 
of the curve. 

Although the plots of Fig. 10 are similar to 
the set of plots reported by another investigator 
(7), Fig. 10 is based on experimental data with- 
out any asstaptions or direct relation to theory. 
The plots in (7) were generated using instantan- 
eous erosion rate versus time while the present 
curves of Fig. 10 were developed using cumulative 
erosion rate versus time* Equations proposed in 
(9) use both tangent points and fixed average- 
depth-of-erosion values combined with a curve-fit 
approach %4iich results in much wider variations 
than in the current study. 

The concept of a normal ized-cumul at ive-ero- 
s i on-r a te-versus-norma 11 zed-time curve was first 
suggested by Heymann (9) and used by one of the 
present authors (17, 22) to check the validity 
of the erosion theory proposed by Thiruvengadam 
(7) for a rotating disk device. By using cumula- 
tive erosion rate instead of instantaneous ero- 
sion rate the data scatter was considerably re- 
duced, and the plots (22) were closer to the the- 
oretical curves presented in (7). The use of 
cumulative erosion rate was also considered by 
Lichtarowicz (12). Normalized-instantaneous- 
ero$ion-rate-versus-normali 2 ed-time curves have 
also been presented for erosion-corrosion model- 
ing using a magnetostriction apparatus (33) and 
for steam turbine blade and shield materials 
using four different impingement devices (25). 
Lichtarouicz (12) also suggested that only two 
parameters MER a and tm a may be used to pre- 
dict cumulative erosion rates for alimrinuR 
(Table 1). However, this paper shows the impor- 
tance of two additional parameters, the incuba- 
tion period tj and the erosion resistance 
(1/ER). 

The erosion process due to cavitation and 
liquid impingement is believed to be a function 
of the earlier history of the eroded surface (in- 
cluding work hardening, surface stresses, and 
changes in material properties). Also, a study 
of the relationship between the surface roughness 
and the erosion rate would be helpful to gain ad- 
ditional insight into the erosion process at 
longer times. 

4.7 Application of the Universal Curve Fit 
Approach 

To check the advantage of the analysis proposed 
in this paper, data reported in (25) for stain- 
less steel during liquid drop Impingement at a 
velocity of 305 to 314 m/s were analyzed. Of 
the three devices used, the English Electric Com- 
pany (EEC) data have been taken as standard and 
normalized time as 2. Table 4 presents the pa- 
rameters of MER{, taif, HER*, ta a , and percentage 
error measured while analyzing Instantaneous and 


cumulative erosion rate. In most situations, 
cumulative erosion rate provides a better predic- 
tion than instantaneous erosion rate. It is then 
possible to calculate the theoretical cumulative 
erosion of a specimen at any point in time. Tnis 
Information is useful in determining the extent 
of a component ' s erosion and its remaining useful 
life. 


5 CONCLUSIONS 

Data for a large nwber of materials tested in 
both a rotating disk device and a magnetostric- 
tion oscillator have been analyzed in a manner 
which brings the results of the two methods 
closer co a universal curve f»t. 

Normalized emulative erosion rate has been 
plotted versus normalized time and a curve fit is 
proposed which covers a comprehensive variety of 
materials, test conditions, and devices. Cumula- 
tive erosion rate and time are normalized to the 
peak erosion rate and time to peak erosion rate, 
respectively. Adjustments are suggested for in- 
cubation periods* 

It was shown that the universal approach plot 
is more accurate If small time intervals are used 
before the peak damage rate is reached. 

After the peak damage rate 1$ passed, at long 
exposure times, more resistant materials show a 
lower normalized average erosion rate. 

The curves and data scatter bands derived 
from this universal curve-fit approach appear to 
be useful in correlating different types of lab- 
oratory tests with each other and with field 
data. 
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Table 2 itoitM rate of erosion and the tap acts to attain 
it for various Materials - drop inpact 

[Drop sue. 1.5 ■»; velocity, IZS n/sec; data source, (24).] 


Material 

Neii«* ** 

erosion. 

rate of 
«a/mppct 

HER, 

— 
[■pacts to attain 
■him erosion rate 

*1 

ta a 

Instantaneous 

Ml, 

. Average. 

Kl, 


Instantaneous . 

Average . 
^a 

Cobalt 

o.93iiir 3 

1 Q.37*1Q~ 3 

2.52 

5.07«1Q* 

7.4«10 S 

0.69 

14/8 stainless 

2.86 


3.21 

3.51 

4.78 

.74 

steel 


i ! 

r 

! 



; l 

Copper 

a. 95 

| b ‘ n 

1.43 

.3 

.39 

.90 | 

Mild steel 


! 1.74 

1 , 

i 


3.05 1 

1 1 

60/40 brass 

4.92 

j 1-91 


3 

3.76 1 

f 

.80 j 

| Silicon steel 

4.33 

! »•« i 

2.84 

Li^ 

4.28 

.82 : 


Table 3 NaiiM rate of eros*o- and tiar to attain it for l- 405 cobalt alloy in a 
Magnetostriction apparatus with snail and lar9e intervals of tine 


[Data source* (19). test liquid, liquid sodiia* at 427* C; amplitude. 44.5 „a; frequency. 25 kuz. 
spec men. vibrating.] 


Pressure. 

M>i 

M*x imam rate of erosion, 
m*!hr 

T tar to attain aoxiauu 
■in 

rate of erosion. 


SmII intervals. 
5 and 10 am 

long intervals. 
60 «in 

SaaP 

5 to 

interval-.. 
10 ein 

Long intervals, 
60 arin 


Instan- 

taneous, 

— 

Average. 

Instan- 

taneous, 

ME*, 

Average. 

Instan- 

taneous, 

-3 

Average. 

ta * 



r , 1 

Instan- 

taneous, 



Average. 

U a 

0.2 

22.80 

14.22 

15.62 



1 



80 

.3 

42.78 

33.60 

31.80 



I 



HO 

.4 

85.80 

88.20 

46.62 






| HO 


bhmnn calculation tine possible when calculated by this nethod. 


Table • Prediction of erosion usmq nomalwed average erosion rate 
and instantaneous erosion rate 


Riq 

MIR,. 

•S/M 

h9/cir 

ER 

hF*Y 

Percent 
error of 
noraa! i fed 
erosion 
rate 

MERj. 

■q/kq 

4 /S? 

ER 

*r* 

Percent 
error of 

r*orvM ] iyed 
erosion 
rate 

EEC* 

193 

1.6 

0.19 

0 

119 

1.78 

0.67 

0 

CAP* 

2.46 

22.4 

1 

32 

1.54 

41.04 

.97 

45 

Rapier 4 

92.8 

3.8 j 

L*J 

79 

41 

6.05 

.81 



*EEC * ’’he English Electric Company nq. 

**CAP - The C. 4. Parsons' erosion riq. 

c Rapier - The Rapier erosion test riq of the Central electricity Generating Board (CIG6). 
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Exposure time 


<a) Thiruvengadam and Preiser iZ). 
ic) Heymann (4). 


(b> Plesset and Devine 13). 
<d) Tichler and de Gee 15). 


Figure 1. - Characteristic erosion -rate -versus -time curves. 
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Figure 2 . - Cumulative erosion versus time for stainless steel tested in rototing-disk de- 
vice. Pressure, 130kPaabs; inducer diameter, 25.4 mm. Instantaneous erosion rate 
at 0 equals slope of local tangent at Q * A v/At; cumulative average erosion rate at Q 
equals slope of line joining origin and point Q a vft. 
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(a) Instantaneous erosion rate, 
to) Cumulative erosion rate. 

Figure 4. - Normalized erosion rate versus normalized time for stainless steel tested in a 
rotating disk device at various velocities. Pressure. 0.150 MPa ab>. 
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(a) Aluminum tested with a rotating disk device Velocity. 3$. 8 mis ; temperature. 32° ± 2° C; test 
liquid, water. 

(b) L-605 cobalt alloy tested with a magnetostriction apparatus. Specimen, vibrating; frequency. 

25 kHz; test liquid, liquid sodium. 

(c) Various materials toted with a magnetostriction apparatus. Specimen, stationary; frequency, 
25 kHz; pressure, 10? Pa ; room temperature; test liquid, water. 


Figure % - Normalized average erosion rate versus normalized time for various materials tested. 
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O cower 

Q Mitt steel 
O 60/ 40 Brass 
A Silicon Steel 
O 18/8 Stainless steel 




I I 


4 $ 

Normalized time 


Material 
O 8ra$s 
□ Cast iron 
O Cold rolled 
steel 

A Cast iron 
8Z£ 

D Cast iron 
10E 

A Cast iron 

m 


Test liquid 
Fresh water 


Saltwater 

Saltwater 


12 3 4 5 6 7 

Normalized time 

|a) Liquid impingement (data from (24) ). 

4» Vibratory cavitation (data from (23) ). 

Figure 6. * Normalized average erosion rate versus normalized time for various materials tested. 
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Figure /. * Normalized erosion rate versus normalized time for 1-405 alloy tested in magnetostriction 
apparatus at 429° C in liguid sodium; Hi r time intervals; specimen, vibrating; frequency. 25 kHz. 
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Figure 8. * Normalized cumulative average erosion rate versus normalized time for long exposures. 
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(a) Typical cumulative a«ra ywlon-fate-tersu$- 
ture curves. 

(b» Modfted cumulative-average-erosion-r^ 
oodWed-tioe curves. 

Figure?. - EBect of incubation period correction wtiere 
t- and L denote the incubation periods «f curves A. 
B. and C. respectively. and tm* and te^ denote 
times toattaui maximum rales of erosion of curves A. ft. 
and C. respectively. 


Nonftaltjfid cumulative average erosion rale 




